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ABSTRACT:  We report preliminary observations with the WIYN 3.5-m telescope to 
detect color and composition gradients in globular clusters using the red CN system 
at 8150 A. Globular clusters in the Milky Way are not simple stellar populations, but 
rather contain the products of multiple epochs of star formation. In dynamically 
young clusters, later generations of stars are more centrally concentrated in the 
clusters and are polluted with elements produced in first generation stars, showing 
enhanced CN band strengths. These differences suggest that multiple populations 
can be detected from photometric observations of the red CN system at 8100 A. The 
new paradigm of multiple stellar populations may provide a context to explain color 
gradients reported previously in a few globular clusters. The detection of color 
gradients in the integrated CN color of clusters may also reveal multiple populations 
in globular clusters in external galaxies. 
1. Indiana University Bloomington 
2. Indiana University Purdue University Fort Wayne 
Background image credit: Mackey et al. 2013, MNRAS, 429, 281 
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Figure 2:  Vetesnik 42 in M31 
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Figure 1:  47 Tuc 
Figure 1:  Chun and Freeman (1979) looked for radial gradients in CN strength 
in integrated light in the globular cluster 47 Tucanae.    They found declining 
CN strength with increasing distance at distances greater than 1.5 half mass 
radii from cluster center.   The decline in CN strength is consistent with the 
declining fraction of intermediate and extreme population stars with radius. 
Figure 2:  Davidge et al. (1990, ApJL, 358, L1)  measured spectral line 
strengths in integrated line in the M31 globular cluster Vetesnik 42.  Their 
data show a decline in strength in spectral features due to species affected 
by proton-capture nucleosynthesis, consistent with a decline in the fraction 
of  intermediate and extreme populations stars  with increasing distance 
from cluster center. 
Figure 3:  Photometric observations of individual stars in the Galactic globular 
cluster M71 using an intermediate-bandwidth filter at the 8150 Å red CN band.  
Weak (blue diamonds) and strong (red diamonds) Na stars identified by Cordero 
et al. (2015, ApJ, 800:3) are marked.  On the horizontal branch, Na-strong stars are 
located on the blue end of the red horizontal branch, while Na-strong stars are 
more likely to be found on the red side of the red giant branch. 
Future Work:  Observing programs are underway to identify the best technique to 
detect and measure population gradients in globular clusters. 
 
•  Multi-object spectroscopy of individual stars 
•  Integral field spectroscopy of cluster integrated light 
•  Long slit spectroscopy of cluster integrated light 
•  Wide field imaging using the red CN system 
• Wide field imaging using the blue CN system 
 
Targets include both Milky Way globular clusters and M31 globular clusters. 
For further information contact Caty Pilachowski at 
cpilacho@indiana.edu 
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Figure 3:  M71 CN Photometry 
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